Abstract. Over the past 20 years, sales volumes in the knowledge-intensive sectors of the developed world grew about 2 times faster than in the manufacturing industry. It is no coincidence that the share of knowledge-intensive sectors of the manufacturing industry and the service sector today accounts for an average of more than half the GDP of the leading industrial countries. A new, knowledge-based economy creates new resources that effectively replace natural resources and human intellect. A high-end economy is the creation of new, artificial energy and artificial intelligence and their use in all sectors of the economy. In addition, a knowledge-intensive economy is a large-scale use of scientific developments, a new content of labor and the attitude of all its participants to it. A high-tech economy is born and is able to develop in a social environment with a sufficient level of intellectual development of society. The creation of such an economy requires not only a high level of development and implementation of new resource-creating and resource-saving technologies, but also a mass knowledge of new technologies, skills to use in production and everyday life. A high-tech economy is formed in conditions of sufficient intellectual security. With all this, the urgency of finding answers to the questions is growing: what conditions are necessary for the creation and functioning of a knowledge-based economy. In this regard, firstly, the article compares the level of development of human resources in the Republic of Kazakhstan with other countries of the world, which allows us to conclude that in terms of quantitative indicators (coverage of primary, secondary, vocational and higher education, life expectancy), our country has average positions in the world ranking. Secondly, in order to identify the relationship between a number of indicators of the method of assessing intellectual security in Kazakhstan, a correlation analysis for 2004-2017 was conducted. This article expands the knowledge on methods of assessing intellectual security for the development of a knowledge-based economy in developing countries. 
Introduction
Humanity entered the 21st century, reconstructing all spheres of life under the influence of the requirements of the new technological order -Industry 4.0. The use of high-tech industries and artificial intelligence allows not only qualitatively changing the economic system, but also creating new resources that replace natural, changing the way of life of society and the competitiveness of states.
As is known, civilizational technological transformation historically and logically occurred under the influence of new knowledge used in the economy. At the same time, on the whole, the technological progress and personal development of Man took place in a dialectical unity, forming the corresponding model of the economy: from the traditional (based on primitive means of production and manual labor) to the modern -science intensive. In turn, the changing modes of production and social development respectively developed the person: his knowledge, way of thinking, type and character of behavior.
A characteristic feature of the modern knowledge-based economy is not only the creation and use in all spheres of society of new resources with specified properties and effectively replacing natural resources, but also the replacement of certain functions of the human brain with artificial intelligence. In addition, a knowledge-intensive economy is an expanded reproduction of scientific developments, a new content of labor and the attitude of all its participants to it. A high-tech economy is born and is able to develop in a social environment with a sufficient level of intellectual development of society, since it requires a mass knowledge of new technologies, the ability to use them in production and everyday life. Thus, a knowledge-based economy is formed in conditions of sufficient intellectual security. In this regard, the urgency of finding answers to the questions is growing: "What and in what quantity are intellectual resources needed for the creation and functioning of a knowledge-based economy in Kazakhstan that is striving to move away from the catch-up development model?", "What methods of measuring intellectual potential and intellectual capital can be used for national the economy of Kazakhstan in the context of the transition to a knowledge-based economy?".
Literature review
Intellectual potential and the effectiveness of its use -are the main drivers of economic development of a new type. The development of methodological approaches for determining the quantitative and qualitative parameters of the intellectual provision of a knowledge-based economy presupposes the specification of the principles and criteria for selecting indicators that characterize the degree of development of intellectual potential and intellectual capital necessary and sufficient for a knowledge-based economy.
In the literature, there are many methodological approaches to identifying quantitative and qualitative characteristics of intellectual capital, capable of ensuring the progressive development of a knowledge-based economy. The authors specify and supplement them depending on the level of the economic hierarchy (macro-, meso-, and microlevels), the level of development of national economies, the favorable socio-economic context, the agglomeration of economic activity, the availability of technological infrastructure, etc.
The toolkit for measuring intellectual potential and intellectual capital is so diverse that obviously it makes sense to focus only on the most famous.
Before, to determine how it is necessary to evaluate intellectual security, let's define the concept of intellectual potential. So according to the definition (Bontis, 2004) intellectual potential is defined as the ability of people to engage in and carry out activities that are important for regional economic and social development. It represents the intellectual wealth of all people from a certain region. The intellectual potential of the region is determined not To the very first works on the evaluation of intellectual potential can be attributed the works of the scientist P. Dryuker (1992) . His evaluation methodology included three indicators: -Evaluation of the institutional regime that facilitates efficient mobilization and allocation of resources, stimulation of creativity and motivation for the creation, dissemination and use of new knowledge; -the availability of educated and skilled workers who can continuously improve and adapt their skills for the effective creation and use of new knowledge; -the effectiveness of the innovation system of firms, research centers, universities. Since the company's intrinsic value as such does not create value or does not generate growth, but can be developed and brings success only in a specific context or through optimal management, Lev and Daum (2004) supplemented the methodology by assessing the effectiveness of managing intellectual capital. Skirme (Skyrme, 2007) believes that the evaluation of intellectual potential should be carried out using the number of publications. In his opinion, it is the commercialization of innovations that makes it possible to distinguish innovative companies. Bek (Bec, 2014) also believes that the evaluation of results in the form of publications and patents is very important, in addition he suggested including in the evaluation the effectiveness of financing R & D.
Lin Yeh-yun and Edvinsson (Lin Yeh-Yun and Edvinsson 2010) proposed a more thorough method for evaluating the intellectual potential. In his opinion, the intellectual potential of the region consists of five components: human capital, market capital, organizational and technological capital, material capital and financial capital. International organizations involved in researching the problems of the development of innovative activities also attach considerable importance to methods for assessing intellectual potential. The most known techniques are discussed in Table 1 . Thus, a review of the existing methodological approaches to assessing intellectual potential and intellectual capital allows us to conclude that the variety of existing methods for measuring them is determined by three main factors: -the complexity of measuring the creative abilities of a person; -the difficulty in measuring the contribution of new knowledge to the economy; -specifics of the national socio-economic context; -the degree of use of modern information technology. It should be recognized that the quantitative parameters of intellectual support for the development of a knowledge-based economy do not always coincide with qualitative parameters. It is no secret that the presence of a certain number of scientific personnel or innovative projects that they implement, does not always bring the result, from the point of view of increasing the science intensity of production, necessary. In our opinion, the quality of intellectual support can be checked by the effectiveness of using intellectual capital. This is a real generation of new useful ideas, the number of which does not always depend on the number of workers employed in the scientific sector.
The place of Kazakhstan in the world supply with the intellectual resources of a knowledge-based economy
Experience shows that many developed countries of the world, without their own raw materials, nevertheless successfully develop their economies and ensure a high standard of living for the population. A typical example here is Japan. In Japan, the technological orientation of the economy dominates and the intellectual resources of the nation are effectively used, which, in addition, compensates for the lack of own raw materials. A similar situation is observed today in South Korea, Taiwan, Singapore and in many other countries of the world, which relied on the strategy of technological development.
Let us examine in more detail the dependence of the country's economic development on the provision of intellectual resources.
To analyze the dependence of the level of economic development of some countries of the world on the level of qualification of their workforce, let us consider in the table below the data on the distribution of the world's skilled labor (CBC) resources between some countries ( Table 2 ). The composition of the cattle here includes specialists with a higher and secondary special education. These data are obtained from various sources and therefore give only a general idea of the concentration of highly educated personnel in different countries of the For example, Japan has only slightly more than 5.3% of the world's cattle resource, compared to 3.5% in Russia, but at the same time it provides a four times higher level of GDP compared to Russia, what speaks about fundamentally different sources of economic growth in these countries. If we consider Kazakhstan, then by the size of the population, both by the level of qualification of the labor force, and by the size of GDP, there is a significant lag.
Meanwhile, the share of the population with higher and secondary special education in Kazakhstan, although lagging behind the level of technologically developed countries, is 66%, slightly more than in Russia, which indicates the availability of intellectual potential for forming the foundations of a technologically oriented economy. And this resource is important to use effectively for GDP growth, because today, under the influence of globalization, modern IT technologies and the Fourth Industrial Revolution, the approaches to the productivity and nature of human work are changing. Observed over the past decades in economically developed countries, the transition to a knowledge-based high-tech economy is changing the direction towards increasing human sustainability and well-being.
In the structure of a knowledge-based economy as a dominant resource, science was transformed into a direct productive force, the main factor of production. In connection with these, we will analyze the personnel supply of the scientific sector of the Republic of Kazakhstan.
Scientific personnel are specialists of the highest degree of preparation who are directly involved in the process of reproducing scientific knowledge and preparing scientific results for practical use (commercialization). The differentiation of the personnel structure is determined by the specifics of the tasks of the knowledge economy, as well as by the specific nature of scientific and scientific and technical work. It consists of scientists and engineers, management personnel, workers in pilot production, support and maintenance personnel. They are called upon to form "quality" and "prospects" for the further development of the economy and the state. In the opinion of Glazyev (2014) , without a quantitative and qualitative staffing of knowledge-intensive sectors -locomotives of economic growth -the transition to both a knowledge-based economy and a new VI technological order is unrealistic.
The staffing of science in the Republic of Kazakhstan not only lags far behind the personnel potential of developed countries, which can be seen from the data in Table 3 , but also runs counter to the main world trends, as it decreases year by year. It should be noted that the highest proportion of scientists in the world over the past 5 years is observed in Israel. So in 2017, there were 135 employees of the scientific sphere for 10,000 people, whereas in the USA -85 people. In Kazakhstan, this figure is 12 people. In fact, the country's scientific sector not only has a shortage of scientific personnel, but also experiences its deepening. There are several reasons: -natural aging of scientific personnel of the country; -unattractiveness of the scientific sector for scientists; -outflow of young scientists into business and abroad; Despite the measures taken by the state to increase the state order for the preparation of PhD masters and doctors, as well as the continuation of the international Bolashak program, the scope of scientific activity continues to be unattractive for most young people due to weak material and social incentives. A significant problem for the country remains the "brain drain" abroad, where there are more attractive material conditions for doing scientific work. Regions of Kazakhstan are experiencing an even greater deficit, as qualified personnel leave for the capital as well. Obviously, a complex of institutional measures will be required, not only stimulating academic activities, but contributing to the attraction of scientific personnel from abroad.
The demand for research and intellectual knowledge in the knowledge economy is constantly increasing. In highly developed countries, this is expressed in the constant increase in the financing of science and the wages of scientists compared with the average for the economy. However, in Kazakhstan, the overall trend of investment in science is somewhat different from the global trend. In general, the dynamics of the share of expenditure on R & D in relation to the GDP of developed countries and Kazakhstan is shown in Figure 1 . Expenditure indicators per capita, according to 2016, also confirm the statistics of a catastrophically low level of funding. This indicator in Kazakhstan is almost ten times less than in the USA, Finland, Sweden, and Japan. It is also interesting to compare the internal costs of research and development per researcher, the values of which are presented in Table 4 . As a result, it turns out that Kazakhstan spends 12.3 thousand dollars per person engaged in scientific research and development. From the analysis of the given data, one can see that a huge gap in the level of funding for science, which unambiguously condemns Kazakhstan in the near and medium-term outlook for the overtaking type of development. The transformation of science in the conditions of the knowledge economy into the most important factor of production determines the growth of capital investments in this sector. So, in the US in 2016, science expenditures accounted for more than one-third of total global expenditure -30%. This is more than in the EU's 28 countries combined -20%, in China -14% (table 5) . We note that the development paradigm of Industry 4.0, based on its economic nature based on high technologies, determines new requirements for the resource base, which is ensured by the quality and efficiency of the use of intellectual capital. This fact objectively limits further economic growth of Kazakhstan at the expense of extraction and export of natural resources and actualizes the necessity of financing science on a leading principle. As a specific result of intellectual work is information about the results of previous research, development and development of innovations. Its carriers are thematic maps of the research begun, reports on completed research and development, publications and dissertations containing new theories, hypotheses, recommendations, descriptions, formulas, schemes, drawings, etc.
The state of the information component of the scientific potential can be judged in particular by the dynamics of publications of Russian scientists in the world's leading journals and databases, and by the number of references to their works. Data on published articles in G7, BRIC and Kazakhstan are given in Table 6 . It should be noted that in the period from 2012 to 2016 the number of publications of articles of domestic scientists has tripled. In 2012, 754 articles, abstracts and other conference materials were published, and in 2016 -2241. It is noteworthy that the increase in the publication activity of Kazakhstani scientists was the result of the requirements for writing doctoral dissertations and for the implementation of research projects implemented at the expense of state funding. At the same time, a number of humanitarian publications tended to fall into fake scientific journals. Thus, there was a need for additional institutional measures to stimulate the increase in the effectiveness of scientific workers and limiting low-quality publications.
Despite the fact that the volume of knowledge and information has increased exponentially in recent years, an extremely modest role is played in the developed information space in the Republic of Kazakhstan. She owns only about 0.1% of the global distribution of the flow of articles. It is significant that the United States owns about 1/3, or 31.9% of all indexed materials, which determines the status of the country-leader in the modern information society.
The reasons for the poor publication activity and citation of Kazakh scientists are related to the relatively low quality of scientific research, as well as ignorance of the English language. So, according to some information, only 10% of native scientists speak English and can study documents in the original on English-language sites. This circumstance forces domestic scientists to post their materials only in national editions. As a result, published articles are largely unclaimed. All this makes Kazakhstan only a recipient of scientific products and contributes to the inevitable degradation of the information potential of the country.
Patents for inventions reflect the effectiveness, scientific novelty of ongoing research and development. Patents act as objects of sale and purchase in the knowledge market, generate rental incomes for both individual organizations and the country as a whole. As statistical studies show, despite the rather high dynamics of the publication and patent activity of scientists of the country over the past three years, in general, it continues to noticeably lag behind the results of the leading countries. According to various sources, the revenues of the budgets from the sale of science-intensive products make up $ 700 billion in the US, $ 530 billion in Germany, and $ 400 billion in Japan. The receipt of applications and the issuance of patents in the RK is 0.07% of the production of high technology products in the world.The dynamics of the number of issued patents in the country profile is given in Table 7 . The increment in the number of issued patents for inventions in Kazakhstan is ten times lower than the similar figures for the number of patents issued in other countries. Low patent activity of domestic scientists and inventors in comparison with their foreign colleagues characterizes the emerging level of innovative and intellectual development of Kazakhstan and fairly objectively reflects the place that our country occupies in the global intellectual products market. In Kazakhstan, thus, they prefer to engage in servicing activities, rather than creative and creative, as researchers around the world. This, of course, is due primarily to the level of pay for intellectual workers, which is incommensurably low, than abroad, and also with low prestige in the society of the profession of the scientist.
According to some experts, it is with the change of technological structures that there is a rare opportunity to enter a new way with minimal costs in lagging countries, which inspires some optimism about Kazakhstan, which actively promotes the development of a knowledge-based economy.
Thus, summarizing the comparative analysis of the development of a knowledge-based economy in Kazakhstan, it can be concluded that in spite of innovative state initiatives and systematic government policy to increase the training of scientific personnel, there continues to be a shortage of intellectual resources, a low level of generating new ideas and the volumes of science financing remain minimal.
For an adequate response to the challenges of Industry 4.0, Kazakhstan will not only increase intellectual resources, but also take care of their quality. At this stage, scientists are needed that can not only work in the context of the sixth technological order, but also generate new ideas for new industries, obtaining patents, commercializing innovations. At this stage, with relatively low levels of science intensity of industries operating in the country, as well as insignificant volumes of innovative products, it is important to clarify: "What is the real contribution of intellectual resources that exist in the country to the growth of innovative production of the national economy?"
Research Methodology
Specificity of the national economy, caused by the above factors, determines the need to develop special criteria to measure the intellectual capital of the regions, which should be consolidated and effectively used to solve the priority tasks of the new technological order. Since at this stage we can only talk about the formation of a knowledge-based economy in the regions of the country, the methodology for measuring intellectual security of the high-tech development of Kazakhstan should, in our opinion, take into account both the negative and positive "contribution" of this or that factor to the innovative component of the gross national product . In this regard, we proposed a multifactor model that makes it possible to use both quantitative and qualitative parameters of intellectual provision of the knowledge-based economy of regions and the country as a whole, assessing the availability, intensity and effectiveness of the use of intellectual resources. Our methodology for assessing intellectual property at the regional and national levels includes the following quantitative indicators: 1. The availability of intellectual potential for a knowledge-based economy: -percentage of population with higher education; -the share of workers in the scientific sector in the total population; -The share of PPP in the total population; -the share of employees employed in high-tech industries; -share of wages of scientific workers in the total wage fund; -share of salaries of PPP workers in the total wage fund; -share of small (innovative) enterprises in the total number of enterprises; -share of enterprises using the Internet to the total number of enterprises.
To assess the quality of intellectual security, we suggest using indicators that enable us to assess the extent and results of using intellectual capital in the regions: 2. Intensity of the use of intellectual capital: -The share of patents and articles received with the impact factor in the total share of scientific research; -share of enterprises using foreign technologies in the total number of enterprises; -share of enterprises using new technologies in the total number of enterprises; -share of R & D costs in the gross regional product. 3. Results of the use of intellectual capital: -The share of patents per worker in the scientific sector; -share of commercialized patents in the total number of patents received; -The share of innovative products in the gross regional product.
The hypothesis of our research is that there are indicators that have the greatest impact on the volume of innovative products. Since the end product of knowledge-based production is an innovative product with the maximum added value through the use of new knowledge, a hypothesis has been proposed that the volume of innovative products in the Republic of Kazakhstan is affected by a number of variables that are indicators of the availability and intensity of the use of intellectual capital. Further analysis will show whether it is possible to predict the values of the dependent variable depending on the value of one or more independent variables. Define the main indicators of our future model in Table 8 . 
Х2
The share of workers in the scientific sector in the total population;
Х3
The share of PPP in the total population; Х4 Share of workers employed in high-tech industries;
Х5
The share of wages of scientific workers in the total wage fund;
Х6
Share of salaries of PPP workers in the total wage fund;
Х7
The share of small (innovative) enterprises in the total number of enterprises;
Х8
Share of enterprises using the Internet to the total number of enterprises;
Х9
The share of patents and articles received with the impact factor in the total share of scientific research;
Х10
The share of R & D costs in the gross regional product Х11 Share of enterprises using new technologies in the total number of enterprises; Х12 Share of enterprises using foreign technology in the total number of enterprises;
Х13
The share of patents per worker in the scientific sector;
Х14
Share of commercialized patents in the total number of patents received; У The share of innovative products in the gross regional product
Next, using regression analysis, we construct a model. The main feature of regression analysis: with its help, you can get specific information about the form and nature of the relationship between the variables studied.
Model building and analysis of results
To assess the reliability of the proposed indicators, a study was made of the statistical relationships between the proposed indicators using the SPSS program. The analysis of the influence of a number of variables on the volume of innovative products in the Republic of Kazakhstan is carried out. A total of 14 annual observations were used. The initial data is given in Appendix 1. We will perform a regression analysis of independent variables to determine the indicators that have the greatest impact on the share of innovative products in GNP. We construct the first correlation model with 14 independent variables using the specialized program for econometric analysis of SPSS. The analysis showed the following results ( Table 9 ). The program in three steps selected indicators that affect the share of innovative products in GDP. The indicators are reflected by the degree of dependence: 1. The share of workers in the scientific sector in the total population. 2. Proportion of population with higher education. 3. The share of patents and articles received with the impact factor in the total share of scientific research. Let's check this model with Excel. For this, it is necessary to perform a correlation analysis and to find the relationship between the quantities. The obtained correlation coefficients showed the dependence of the variable Y on the indices X1, X2, X9 (Table 10) . Next, we perform a regression analysis that will allow us to estimate the degree of coupling between the variables by calculating the expected value of the variable based on several known values. First, consider the upper part of the calculations presented in Table 11 -regression statistics. The value of the R-square, also called a measure of certainty, characterizes the quality of the regression line obtained. In our model, the measure of certainty is 0.932111, which indicates a very good fit of the regression line to the original data.
The multiple R is equal to the Pearson correlation coefficient (0.965459). Multiple R -coefficient of multiple correlation R -expresses the degree of dependence of independent variables (X) and the dependent variable (Y) ( Table 12) . Thus, our correlation model, calculated using Excel, as well as in SPSS, looks like this: Y = -0.038 + 20.426 * Proportion of employees in the scientific sector in the total population + 0.053 * Proportion of population with higher education -0.040 * Proportion of patents and articles with impact factor in the total share of scientific research. Due to the fact that the variable X3 is negative for the regression coefficient, the relationship of the given dependent variable with the independent variable is negative (inverse). The relationship with the remaining variables is positive. Table 13 shows the results of the derivation of the residues. With this part of the report, we can see the deviations of each point from the constructed regression line. The greatest absolute value of the remainder in our case is 0.016515, the smallest is 0.004977. For a better interpretation of these data, we use the graph of the original data and the constructed regression line, shown in Figure 2 . As you can see, the regression line is accurately "matched" to the values of the original data. Table 14 . The analysis showed that the forecast figure should increase by 6.3%. Republic of Karelia on real statistical data, a correlation-regression analysis was carried out, which can predict the volume of innovative products. During the work on regression analysis, it was possible to construct a multiple regression model, with the help of which it is possible to correctly explain the behavior of the dependent variable with an accuracy of 99%.
Conclusions
Thus, the analysis of the innovative development of the Kazakh economy in comparison with the world's leading economies, answering the first question "What and in what quantity are intellectual resources needed for the creation and functioning of a knowledge-based economy in Kazakhstan that is striving to move away from the catch-up development model?", : "Intellectual potential has small quantitative values for virtually all regions of the country, and its use in the form of intellectual capital is neeffe in the context of the development of a knowledge-based economy. "
Causes: -low quality of higher education, which, with a broad population coverage, does not realize the mission of development of the research component in the industry development trend 4.0 -a small number of people engaged in the scientific sector and the low quality of personnel selection in this field; -insufficient level of dissemination of modern knowledge-intensive and information technologies; -low level of financing of research activities; -low rates of generation and commercialization of new knowledge; -Ineffective public funding for ongoing research; -Inconsistent implementation of innovative projects; -low innovative activity of enterprises and the share of innovative products in the gross regional product. Answering the second question of the study: "What methods of measuring intellectual potential and intellectual capital can be used for the national economy of Kazakhstan in the context of the transition to a knowledge-based economy?", It should be concluded that the proposed calculations allow determining that the increase in the innovative component of the gross national product in Kazakhstan The greatest influence is exerted by the share of scientific personnel in the total population, the proportion of people with higher education in the total population, and the number of patents and articles with impact factor in the total number of scientific studies. The obtained results allow drawing a conclusion about the need to increase the share of workers in the scientific sector, the number of people with higher education and to improve the quality of ongoing scientific research.
